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VSHFWUDO SURSHUWLHV RI EXUJHUV DQG NS] WXUEXOHQFH
Y1Y1 DQK/ Q1Q1 OHRQHQNR/ DQG O1P1 VDNKQR
Devwudfw1 Wklv sdshu suhvhqwv wkh kljkhu0rughu vshfwudo ghqvlwlhv ri qrq0Jdxvvldq udqgrp
hogv dulvlqj dv vfdolqj olplwv lq wkh Exujhuv dqg NS] wxuexohqfh sureohpv zlwk vwurqjo|
ghshqghqw qrq0Jdxvvldq lqlwldo frqglwlrqv1
41 Lqwurgxfwlrq
Wkh Exujhuv htxdwlrq surylghv dq lpsruwdqw prgho ri k|gurg|qdplfdo wxuexohqfh1 Lw kdv
ehhq xvhg wr ghvfuleh d ydulhw| ri qrqolqhdu skhqrphqd lq zdyh sursdjdwlrq/ dfrxvwlfv dqg
sodvpd sk|vlfv +vhh/ iru h{dpsoh/ ^49/ 4:/ 64/ 88/ 8<`,1 Wkh errnv ^56/ 59/ 67/ 93` frqwdlq dq
h{whqvlyh eleolrjudsk| ri wkh vxemhfw dqg dq h{srvlwlrq ri vrph nh| uhvxowv ri wkh wkhru| ri
Exujhuv wxuexohqfh1
Wkh Exujhuv htxdwlrq zlwk udqgrp lqlwldo frqglwlrqv kdv ehhq h{whqvlyho| vwxglhg ^46048/ 4;/
4</ 57/ 5</ 68/ 6:/ 79/ 84/ 86/ 89`1 Jdxvvldq dqg qrq0Jdxvvldq vfhqdulrv iru sduderolfdoo| uhvfdohg
vroxwlrqv ri wkh Exujhuv htxdwlrq xqghu zhdno| ghshqghqw ru vwurqjo| ghshqghqw udqgrp lqlwldo
frqglwlrqv kdyh ehhq vwxglhg lq ^4/ 48/ 4;/ 57/ 68/ 73076`1 Wkhvh vfhqdulrv duh lq vrph vhqvh
vxeruglqdwhg wr wkh Jdxvvldq zklwh qrlvh phdvxuh1 Ixuwkhu uhodwhg sureohpv kdyh dovr ehhq
lqyhvwljdwhg> wkhvh lqfoxgh dv|pswrwlf glvwulexwlrqv ri dyhudjhv ri vroxwlrqv ri wkh Exujhuv
htxdwlrq zlwk udqgrp gdwd ^44/ 5</ 84`/ vwdwlvwlfv ri vkrfnv dqg uhodwhg wrslfv ^89`/ k|shuerolf
dv|pswrwlfv ^79`/ odujh ghyldwlrq sulqflsoh dqg vwdwlvwlfv ri vkrfn zdyhv ^46/ 47/ 86`1
D uhodwhg htxdwlrq zklfk sod|v dq lpsruwdqw uroh lq ghvfulelqj wkh hyroxwlrq ri wkh suroh
ri d jurzlqj lqwhuidfh lv wkh Ndugdu0Sdulvl0]kdqj +NS], htxdwlrq +vhh ^43/ 64/ 93`,1 Wkh edvlf
irup ri wkh NS] htxdwlrq iru lqwhuidfh hohydwlrq lv rewdlqhg iurp wkh khdw htxdwlrq yld d orj
wudqvirup +vhh Vhfwlrq 6,/ zkloh wkh judglhqw ri wklv hohydwlrq iroorzv wkh Exujhuv htxdwlrq +^93`/
s1 43,1 D frqvwuxfwlrq ri wkh NS] htxdwlrq yld dq dssurdfk lqyroylqj fkhplfdo srwhqwldo zdv
ghwdlohg lq ^65`1 Wkh NS] htxdwlrq zlwk orqj0udqjh lqwhudfwlrqv zdv lqyhvwljdwhg lq ^63/ 66/ 7;`/
zkloh wkh NS] htxdwlrq xqghu wkh dgglwlrqdo srvvlelolw| wkdw vxuidfh wudqvsruw pd| eh hhfwhg
yld d krsslqj phfkdqlvp ri d Oìy|  ljkw zdv vwxglhg lq ^77`1
Jxuedwry hw do1 ^5:` vwxglhg wkh ghfd| ri wkh udqgrp vroxwlrqv ri wkh xqirufhg Exujhuv htxd0
wlrq lq rqh glphqvlrq lq wkh olplw ri ydqlvklqj ylvfrvlw|1 Lq sduwlfxodu/ wkh| lqyhvwljdwhg wkh
fdvh zkhq wkh lqlwldo ylvfrvlw| lv krprjhqhrxv dqg Jdxvvldq zlwk d vshfwudo ghqvlw| sursru0
wlrqdo wr +lq rxu qrwdwlrq, mm   dw vpdoo mm/ zkhuh 4 ?  ? 5= Dw odujh wlphv/ wkh| rewdlqhg
wkuhh vfdolqj uhjlrqv ri vlqjxodulw| ri wkh vroxwlrqv1 Rq wkh rwkhu kdqg/ Jxuedwry ^58` vwxg0
lhg wkh glvwulexwlrqdo qrq0Jdxvvldq surshuwlhv ri wkh xqirufhg pxowlglphqvlrqdo Exujhuv dqg
NS] htxdwlrqv lq wkh olplw ri ydqlvklqj ylvfrvlw|1 Lw vkrxog eh qrwhg wkdw ydqlvklqj ylvfrvlw|
fruuhvsrqgv wr k|shuerolfdoo| uhvfdohg vroxwlrqv ri wkh htxdwlrqv1
Gdwh = 46 Qryhpehu 53381
4<<4 Pdwkhpdwlfv Vxemhfw Fodvvlfdwlrq1 Sulpdu| 95P73/ 95P48> Vhfrqgdu| 93K48/ 93J931
Nh| zrugv dqg skudvhv1 Exujhuv* htxdwlrq/ wkh NS] htxdwlrq/ vfdolqj odzv/ kljkhu0rughu vshfwudo ghqvlwlhv/
orqj0udqjh ghshqghqfh/
Sduwldoo| vxssruwhg e| wkh Dxvwudoldq Uhvhdufk Frxqflo judqwv GS36788:: dqg GS388<;3:/ wkh HSVUF judqw
UFPW3<4/ dqg wkh QDWR judqw SVW1FOJ1<;373;1 Wkh dxwkruv duh judwhixo wr wkh uhihuhhv dqg wkh Hglwru0lq0
Fklhi iru wkhlu srvlwlyh frpphqwv1
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Lq wklv sdshu/ zh zloo eh frqfhuqhg zlwk sduderolfdoo| uhvfdohg vroxwlrqv ri Exujhuv dqg
NS] htxdwlrqv1 Wkhvh sduderolfdoo| uhvfdohg vroxwlrqv duh lq idfw dssur{lpdwlrqv wr wkh k|0
shuerolfdoo| uhvfdohg vroxwlrqv1 Zh suhvhqw wkh vhfrqg0 dqg kljkhu0rughu vshfwudo ghqvlwlhv ri
krprjhqhrxv +lq vsdfh, udqgrp hogv dulvlqj dv uhvfdohg vroxwlrqv ri wkh Exujhuv dqg NS]
htxdwlrqv zlwk vlqjxodu qrq0Jdxvvldq lqlwldo frqglwlrqv1 Wklv zrun lv d frqwlqxdwlrq ri wkrvh
e| Ohrqhqnr dqg Zr|f}|qvnl ^6:06<`/ lq zklfk wkh vhfrqg0rughu vshfwudo ghqvlwlhv zhuh vwxglhg
iru wkh Exujhuv wxuexohqfh sureohp zlwk qrq0Jdxvvldq vlqjxodu gdwd/ dqg Dqk/ Ohrqhqnr dqg
Vdnkqr ^9`/ lq zklfk vhfrqg0 dqg kljkhu0rughu vshfwudo ghqvlwlhv zhuh jlyhq iru iudfwlrqdo udq0
grp hogv dulvlqj dv uhvfdohg vroxwlrqv ri wkh khdw dqg iudfwlrqdo khdw htxdwlrqv zlwk vlqjxodu
udqgrp gdwd +iru ixuwkhu ghwdlov rq wkhvh htxdwlrqv/ vhh ^507`,1
Lq d vhqvh/ qrq0Jdxvvldq vfhqdulrv duh pruh uhdolvwlf prghov ri }hur ylvfrvlw| wkdq Jdxvvldq
vfhqdulrv1 Ixuwkhupruh/ wr surylgh d ixoo ghvfulswlrq ri vlqjxodulw|/ zh kdyh wr frqvlghu kljkhu0
rughu vshfwudo ghqvlwlhv dqg wkhlu vlqjxodu surshuwlhv +vhh Vhfwlrq 5 iru Exujhuv wxuexohqfh dqg
Vhfwlrq 6 iru NS] wxuexohqfh,1 Exw hyhq iru wkh vhfrqg rughu/ rxu uhvxowv iru wkh vshfwudo ghqvlw|
lq rqh glphqvlrq fdq eh frpsduhg zlwk wkh uhvxowv ri ^5:`1 Lqghhg wkh vlqjxodu surshuw| ri wkh
hqhuj| vshfwuxp ri wkh lqlwldo frqglwlrq +51<, lv wudqviruphg e| wkh Exujhuv htxdwlrq lqwr wkh
vlqjxodu surshuw| +5146,/ zklfk iru q @ 4> o @ n @ 4 dqg xs wr d frqvwdqw uhdgv mm   h ffi ! #"%$'& >  @
5.4> 3 ?  ? 4@5= Wklv uhvxow lv h{dfwo| wkh vdph dv irupxod +455, ri ^5:`1 Krzhyhu/ zh fdq vhh
iurp +5146, wkdw wkhvh vlqjxodu surshuwlhv ghshqg rq wkh glphqvlrq q> dqg wkh uhvxowv fkdqjh
gudpdwlfdoo| vwduwlqj iurp glphqvlrq q  61 Lq rxu rslqlrq/ erwk qrq0Jdxvvldq vfhqdulrv
lq sduderolfdoo| uhvfdohg Exujhuv dqg NS] htxdwlrqv dqg vlqjxodu surshuwlhv ri kljkhu0rughu
vshfwudo ghqvlwlhv surylgh d ghvfulswlrq ri Exujhuv dqg NS] wxuexohqfh frpsohphqwdu| wr wkdw
ri ^58/ 5:` yld ydqlvklqj ylvfrvlw| wrjhwkhu zlwk d srzhu0odz lqyhvwljdwlrq ri wkh vroxwlrqv1
Wkh forvhg0irup h{suhvvlrqv ri kljkhu0rughu vshfwudo ghqvlwlhv lq wxuq zloo sod| dq hvvhqwldo
uroh lq wkh vwdwlvwlfdo hvwlpdwlrq ri wkhvh udqgrp hogv1 Lq idfw/ lq wkh suhvhqfh ri srvvleoh
orqj0udqjh ghshqghqfh/ qrq0Jdxvvldqlw| dqg qrq0olqhdulw| lqkhuhqw lq wkh irupxodwhg prghov/
sduwlfxoduo| lq d vlwxdwlrq zkhuh xvhixo lqirupdwlrq lv frqwdlqhg lq kljkhu rughuv udwkhu wkdq
wkh vhfrqg rughu/ dq hvwlpdwlrq wkhru| xvlqj lqirupdwlrq lq kljkhu0rughu vshfwudo ghqvlwlhv lv
pruh yldeoh1 Vrph frpsrqhqwv ri vxfk d wkhru| duh surylghg lq ^:0<` edvhg rq wkh plqlpxp
frqwudvw sulqflsoh1
51 Qrq0Jdxvvldq vfhqdulrv lq Exujhuv wxuexohqfh dqg wkhlu vshfwud
Frqvlghu wkh q0glphqvlrqdo Exujhuv htxdwlrq
Cx
Cw . +x>u,x @ x>  A 3>+514,
vxemhfw wr wkh udqgrp lqlwldo frqglwlrqv lq srwhqwldo irup=
x+3> {, @ u+{,> { 5 U ( >+515,
zkhuh  ghqrwhv wkh q0glphqvlrqdo Odsodfldq dqg u wkh judglhqw rshudwru lq U ( 1 Htxdwlrq
+514, ghvfulehv wkh wlph hyroxwlrq ri wkh yhorflw| hog
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Zh zloo dvvxph wkdw wkh lqlwldo yhorflw| srwhqwldo +{, lv d vfdodu udqgrp hog ri wkh irup
ghvfulehg lq Frqglwlrq D ehorz1
Htxdwlrq +514, lv d sduderolf htxdwlrq zlwk txdgudwlf/ lqhuwldo qrqolqhdulw|/ zklfk fdq eh
ylhzhg dv d vlpsolhg yhuvlrq ri wkh Qdylhu0Vwrnhv htxdwlrq zlwk wkh suhvvxuh whup us rplwwhg/
dqg zlwk wkh ylvfrvlw| frh!flhqw  fruuhvsrqglqj wr wkh lqyhuvh ri wkh Uh|qrogv qxpehu +vhh
^84`/ s1485,1 Zlwk udqgrp lqlwldo gdwd/ wkh sureohp +514,0+515, lv dovr nqrzq dv wkh Exujhuv
wxuexohqfh sureohp1
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x+w> {, @ 5u orj k+w> {,>+516,
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wudqvirup +vhh/ iru lqvwdqfh/ ^67`/ Wkhruhp 41417 ,/ zh rewdlq wkdw wkh vshfwudo ghqvlw| i+,
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Zh zloo vwxg| wkh vshfwudo surshuwlhv ri wkh olplw glvwulexwlrqv ri wkh uhvfdohg vroxwlrqv/
qdpho|/ zlwk sduderolf vfdolqj/ ri wkh Exujhuv htxdwlrq +514, zlwk lqlwldo gdwd +515, vdwlvi|lqj
Frqglwlrq D1 Wkhvh sduderolf vfdolqj olplwv ri wkh vroxwlrq fdq eh ghvfulehg lq whupv ri wkhlu
pxowlsoh vwrfkdvwlf lqwhjudo uhsuhvhqwdwlrq dv vwdwhg lq wkh iroorzlqj wkhruhp +vhh ^67/ 68/ 74`,1
Wkhruhp 41 Ohw x+w> {,> + w> {, 5 +3>4,U ( > eh d vroxwlrq ri wkh lqlwldo ydoxh sureohp +514,0
+515, zlwk wkh udqgrp lqlwldo frqglwlrq +{, @   +{,4 vdwlvi|lqj Frqglwlrq D dqg  5 +3> q@5,1
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Dsshqgl{ E1 Fxpxodqwv ri pxowlsoh vwrfkdvwlf lqwhjudov
Wklv Dsshqgl{ lv edvhg rq ^53/ 55/ 8:/ 8;`1
Rqh ri wkh edvlf wrrov iru hydoxdwlqj surgxfwv ri pxowlsoh vwrfkdvwlf Zlhqhu0Lw÷ lqwhjudov dqg
wkhlu prphqwv lv wkh gldjudp irupxod1 Lw ruljlqdwhv iurp wkh gldjudp irupxod iru wkh surgxfwv ri
Khuplwh sro|qrpldov ri Jdxvvldq udqgrp yduldeohv1 Zh suhsduh khuh wkh irupxod iru hydoxdwlqj
wkh fxpxodqwv ri pxowlsoh vwrfkdvwlf lqwhjudov zklfk lv d frqvhtxhqfh ri wkh gldjudp irupxod1
Zh uvw lqwurgxfh vrph qrwdwlrqv dqg ghqlwlrqv1
Ohw p ) > ===>pS eh jlyhq srvlwlyh lqwhjhuv1 Dq xqgluhfwhg judsk  zlwk p ) . === .pS @ P
yhuwlfhv lv fdoohg d gldjudp ri rughu +p ) > ===>pS , li
d, wkh vhw ri yhuwlfhv Y ri wkh judsk  lv ri wkh irup
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lv wkh m0wk ohyho ri wkh judsk > 4  m  s>
e, hdfk yhuwh{ lv dw prvw ri ghjuhh 4/ wkdw lv/ phw e| dw prvw rqh hgjh>
f, li yhuwlfhv +m ) > l ) , dqg +m  > l  , duh mrlqhg e| dq hgjh z @ ++m ) > l ) , > +m  > l  ,, > wkhq m ) 9@ m  >
wkdw lv/ wkh hgjhv ri wkh judsk  fdq frqqhfw rqo| glhuhqw ohyhov1
Ohw +p ) > ===>pS , ghqrwh wkh vhw ri gldjudpv ri rughu +p ) > ===>pS , = Ghqrwh e| N +, wkh vhw
ri hgjhv ri d gldjudp  5 +p ) > ===>pS , = Zlwk hdfk hohphqw y 5 Y> zh fdq dvvrfldwh dq lqwhjhu
ghqrwlqj wkh srvlwlrq dw zklfk y dsshduv lq wkh olvw +E14,1 Wkxv wkh srvlwlrq ri +4> 4, lv 4/
wkh srvlwlrqv ri +4> 5, lv 5 dqg vr rq1 Wkh srvlwlrq ri wkh odvw yhuwh{ +s>pS , lv P= Hdfk hgjh
z @ ++m ) > l ) , > +m  > l  ,, 5 N +, fdq dovr eh wkrxjkw ri dv z @ +n ) > n  , > zkhuh n ) lv wkh srvlwlrq
ri wkh yhuwh{ +m ) > l ) , dqg n  lv wkh srvlwlrq ri wkh yhuwh{ +m  > l  , lq wkh olvw +E14,1 D gldjudp  lv
fdoohg frpsohwh li hdfk ri lwv yhuwlfhv lv phw e| dq hgjh/ wkdw lv/ wkhuh h{lvw qr lvrodwhg yhuwlfhv1
Lq vxfk d fdvh/ wkh qxpehu ri hgjhv lq  lv mN +,m @P@5= D gldjudp lv fdoohg forvhg li wkh vhw
ri lwv ohyhov iZT > m @ 4> ===> sj fdqqrw eh vsolw lqwr wzr vxevhwv frqqhfwhg e| qr hgjh1
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zkhuh wkh vxp lv wdnhq ryhu doo frpsohwh forvhg gldjudpv  ri rughu +p ) > ===>pS , > N +, lv wkh
vhw ri hgjhv ri wkh gldjudpv > dqg  +, lv wkh Nurqhfnhu ghowd ixqfwlrq1
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Dsshqgl{ F1 Ghowd phwkrg
Wkh iroorzlqj vwdwhphqw fdq eh suryhg vlploduo| wr Vhu lqj ^87`/ ss1 4550456 +vhh dovr ^83`/
ss1 5950596 iru d qhz surri ri wklv uhvxow e| xvlqj wkh Vnrurnkrg wkhruhp iru olplwlqj qrupdo
odz1 Wkh surri grhv qrw ghshqg rq wkh olplwlqj udqgrp yduldeoh,1
Wkhruhp <1 Ohw k+w> {,> w A 3> { 5 U ( eh d vsdwlrwhpsrudo udqgrp hog vxfk wkdw iru vrph uhdo
ixqfwlrq p+w> {, dqg vrph ixqfwlrq D K zh kdyh wkh iroorzlqj frqyhujhqfh ri qlwh0glphqvlrqdo
glvwulexwlrqv=
4
D K

x
 w
% >
{s%
p $ X+w> {,
dv %$ 3/ zkhuh X+w> {,> w A 3> { 5 U ( lv d vsdwlrwhpsrudo udqgrp hog1
Wkhq iru dq| uhdo0ydoxhg ixqfwlrq j+x,> x 5 U ) glhuhqwldeoh dw x @p/ zlwk j M +p, 9@ 3>p 5 U/
wkh iroorzlqj frqyhujhqfh ri qlwh0glphqvlrqdo glvwulexwlrqv krogv wuxh=
4mj M +p,mD K

j

x
 w
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 j +p, $ X+w> {,
dv %$ 31
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^5` Dqk/ Y1Y1 dqg Ohrqhqnr/ Q1Q1 +4<<<,/ Qrq0Jdxvvldq vfhqdulrv iru wkh khdw htxdwlrq zlwk
vlqjxodu lqlwldo frqglwlrqv/ Vwrfk1 Surf1 Dsso1 ;7/ <404471
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vshfwudo ghqvlwlhv zlwk pxowlsolfdwlyh sdudphwhu/ Dfwd Dssolfdqg1 Pdwk1 :</ 448045;1
^43` Edudedvl/ D1O1 dqg Vwdqoh|/ K1H1 +4<<8,/ Iudfwdo Frqfhswv ri Vxuidfh Jurzwk/ Fdpeulgjh
Xqly1 Suhvv1
^44` Eduqgru0Qlhovhq/ R1H1 dqg Ohrqhqnr/ Q1Q1 +5338,/ Exujhuv wxuexohqfh sureohp zlwk olq0
hdu ru txdgudwlf h{whuqdo srwhqwldo/ M1 Dsso1 Sure/ 75/ 88308941
^45` Edwfkhoru/ P1W1/ Exuqh/ U1Y1/ Khqu|/ E1L1 dqg Zdww/ V1G1 +5333,/ Ghwhuplqlvwlf NS] prgho
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wldo gdwd/ M1 Vwdw1 Sk|v1 <4/ 988099:1
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^49` Exujhuv/ M1 +4<:7,/ Wkh Qrqolqhdu Glxvlrq Htxdwlrq/ Noxzhu/ Gruguhfkw1
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7:/ 404;1
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huv wxuexohqfh1 Dqq1 Dsso1 Surede1 8/ 79407<51
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Exujhuv wxuexohqfh dqg lqwhuidfh jurzwk/ Sk|vlfdo Uhylhz H 94/ yro 6/ 58<8059371
^59` Jxuedwry/ V1/ Pdodnkry/ D1 dqg Vdlfkhy/ D1 +4<<4,/ Qrq0olqhdu Zdyhv dqg Wxuexohqfh lq
Qrqglvshuvlyh Phgld= Zdyhv/ Ud|v dqg Sduwlfohv/ Pdqfkhvwhu Xqlyhuvlw| Suhvv/ Pdqfkhvwhu1
^5:` Jxuedwry/ V1Q1/ Vlpg|dqnlq/ V1L1 Dxuhoo/ H1/ Iulvfk/ X1 dqg Wöwk/ J1 +4<<:,/ Rq wkh ghfd|
ri Exujhuv wxuexohqfh/ M1 Ioxlg Phfk1677/ 66<06:71
^5;` Krsi/ H1 +4<83,/ Wkh sduwldo glhuhqwldo htxdwlrq x ; . xx ; @ x ;; / Frppxq1 Sxuh Dsso1
Pdwk1 6/ 53405631
^5<` Kx/ \1 dqg Zr|f}|qvnl/ Z1D1 +4<<8,/ Olplwlqj ehkdylrxu ri txdgudwlf irupv ri prylqj
dyhudjhv dqg vwdwlvwlfdo vroxwlrqv ri wkh Exujhuv* htxdwlrq/ M1 Pxowly1 Dqdo1 85/ 480771
^63` Mxqj/ \1 dqg Nlp/ L1 +4<<;,/ Hhfw ri orqj0udqjh lqwhudfwlrqv lq wkh frqvhuyhg Ndugdu0
Sdulvl0]kdqj htxdwlrq/ Sk|v1 Uhy1 H 8;/ 879:087:31
^64` Ndugdu/ P1/ Sdulvl/ J1 dqg ]kdqj/ \1F1 +4<;9,/ G|qdplfdo vfdolqj ri jurzlqj lqwhuidfhv/
Sk|v1 Uhy1 Ohww1 89/ ;;<0;<51
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46<05;51
^66` Odxulwvhq/ N1E1 +4<<8,/ Jurzwk htxdwlrq zlwk d frqvhuydwlrq odz/ Sk|v1 Uhy1 H 85/ U45940
U45971
^67` Ohrqhqnr/ Q1 +4<<<,/ Olplw Wkhruhpv iru Udqgrp Ilhogv zlwk Vlqjxodu Vshfwuxp/ Noxzhu/
Gruguhfkw1
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zlwk Jdxvvldq dqg qrq0Jdxvvldq lqlwldo gdwd/ Wkhru| Sure1 Dsso1 73/ 6;:07361
^69` Ohrqhqnr/ Q1Q1 dqg Zr|f}|qvnl/ Z1D1 +4<<;,/ H{dfw sduderolf dv|pswrwlfv iru vlqjxodu
qG Exujhuv udqgrp hogv= Jdxvvldq dssur{lpdwlrq/ Vwrfk1 Surf1 Dsso1 :9/ 47404981
^6:` Ohrqhqnr/ Q1Q1 dqg Zr|f}|qvnl/ Z1D1 +4<<;, Vfdolqj olplwv ri vroxwlrq ri wkh khdw htxdwlrq
zlwk qrq0Jdxvvldq gdwd/ M1 Vwdw1 Sk|v <4+425,/ 756075;1
^6;` Ohrqhqnr/ Q1Q1 dqg Zr|f}|qvnl/ Z1D1 +4<<<,/ Sdudphwhu lghqwlfdwlrq iru vlqjxodu udq0
grp hog dulvlqj lq Exuhjuhv wxuexohqfh/ M1 Vwdwlvw1 Sodqq1 Lqihu1 ;3/ 40461
^6<` Ohrqhqnr/ Q1Q1 dqgZr|f}|qvnl/ Z1D1 +5334,/ Sdudphwhu lghqwlfdwlrq iru vwrfkdvwlf Exuj0
huv*  rzv yld sduderolf uhvfdolqj/ Sure1 Pdwkhp1 Vwdwlvw1 54/ Q 4/ 40881
^73` Ohrqhqnr/ Q1Q1 dqg Ol ]kdq Elqj1 +4<<7,/ Qrq0Jdxvvldq olplw glvwulexwlrqv ri vroxwlrqv ri
wkh Exujhuv htxdwlrq zlwk vwurqjo| ghshqghqw udqgrp lqlwldo frqglwlrqv/ Udqgrp Rshu1 Vwrfk1
Htxdwlrqv 5/ <804351
^74` Ohrqhqnr/ Q1Q/ Ruvlqjkhu/ H1 dqg U|edvry/ N1Y1+4<<7,/ Olplw glvwulexwlrqv ri vroxwlrqv
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Fduglii Vfkrro ri Pdwkhpdwlfv/ Fduglii Xqlyhuvlw|/ Vhqjkhqq|gg Urdg/ Fduglii FI57 7DJ/
XN
H0pdlo dgguhvv/ Q1Q1 Ohrqhqnr= OhrqhqnrQCFduglii1df1xn
Ghsduwphqw ri Phfkdqlfv dqg Pdwkhpdwlfv/ N|ly Wdudv Vkhyfkhqnr Qdwlrqdo Xqlyhuvlw|/ Yrorg|p|uvnd
vwu1 97/ N|ly/ 34366/ Xnudlqh
H0pdlo dgguhvv/ O1P1 Vdnkqr= opvCxqly1nlhy1xd
